In Brazil, biodiesel is produced from vegetable oils or fats. In this context, tallow is a raw material that commonly is used in the production of biodiesel due to its availability at a low cost. Despite of its advantages, biodiesel from tallow may cause plugging of filters in cars during cold seasons. A Composite Central Rotational Design of three independent variables (percentage of beef tallow, molar amount of methyl alcohol, and percent of KOH) was used to evaluate acid number, kinematic viscosity at 40 °C, density at 20 °C, and cold filter plugging point of the biodiesel produced by alkaline transesterification of different proportions of soybean oil and beef tallow. The results show that while the acid value was not affected by the independent variables, the percentage of beef tallow linearly affected density and kinematic viscosity. The biodiesel produced met ANP specifications, except for the cold filter plugging point in certain regions and during the coldest seasons in Brazil. KEYWORDS experiment design; biodiesel quality; beef tallow; ANP specifications; cold filter plugging point
INTRODUCTION
Biodiesel is a biofuel that can be produced from different sources of triglycerides (ANP, 2017; Bilgin et al., 2015) . Vegetable oils and animal fats are commonly used as sources of triglycerides in the production of this fuel (Balat & Balat, 2010; Thangaraj, 2014) . Soybean oil, bovine fat, and cotton oil are, in this order, the most used raw materials in Brazil in the production of biofuels (ANP, 2017).
When selecting the raw material to be used in the production biodiesel, one must consider the oil or fat that is most suitable for the conditions of each region of the Country. In certain cases, bovine fat presents the lowest cost ( . These bovine tallow characteristics represent a problem to the industry because they produce fuels that are often considered unfit, failing to meet the specifications and parameters of quality established by the the National Agency of Petroleum, Natural Gas and Biofuels (ANP) in Brazil. biodiesel from the mixture of soybean oil and bovine tallow, cotton oil and bovine tallow, and canola oil and bovine tallow. Working with adequate proportions of vegetable oil and animal fat, the biodiesel produced presented lower viscosity, specific mass, and a cold filter plugging point when compared to the biodiesel produced only from fats. Aiming at contributing to the previous studies, Oliveira et al. (2012) used an experimental planning to investigate the influence of molar amounts of alcohol, beef tallow/soybean oil ratio, and the percentage of KOH (catalyst) on the yield of raw materials to biodiesel. Tavares et al. (2017) studied the optimization of biodiesel production from frying oil and bovine tallow. The result obtained, indicated that the best conditions to reach 99.43 % of ester content used a 9:1 solvent/feed molar ratio, 0.5 % catalyst (KOH), 70%/30% frying oil/bovine tallow, and 35 seconds reaction time.
Several studies investigate the variable effects in the process to provide bases to the production of a quality and economically viable fuel. To achieve optimal conditions, these experiments used the Central Compound Rotational Delineation (CCRD) design, which allows the evaluation of the effect of one variable over another, reaching more reliable results. In addition, it is possible to identify the factors that most influence the production process.
In this context, this research proposes, through a three-variable Central Composite Rotational Delineation, to investigate the influence of the molar amount of methyl alcohol, bovine tallow / soybean oil ratio and catalyst percentage (KOH) in some final properties -acidity index, kinematic viscosity at 40 °C, density at 20 °C, and cold filter plugging point -of the produced biodiesel from transesterification of soybean oil and bovine tallow mixtures. The results of the final proprieties were compared to ANP specifications.
MATERIALS AND METHODS
To evaluate the influence of reaction conditions on the quality of the product, an experimental design was elaborated. The study was carried out using a CCRD with three variables: percentage of bovine tallow, molar amount of alcohol, and percentage of catalyst; all in relation to the mass of feedstock.
The technique of Central Composite Design (CCD) can be used to reduce the number of experimental points. The CCD is a design that requires a smaller number of tests and can be performed sequentially to obtain optimal process conditions (1)
Where: x 1 , x 2 , x 3 , and x 4 are the variables related to the factors; β0 (intersection point); β 1 , β 2 , β 3, and β 4 (refer to the linear effects); β 11 , β 22 , β 33, and β 44 (refer to the quadratic effects); and β 12 , β 13 , β 14 , β 23 , β 24, and β 34 (refer to the effects of double interaction) are the regression coefficients obtained by Ordinary Least Squares; and ԑ i (i = 1,2 ...) is the experimental error. This equation was found through multiple regression using a statistical software. Table 1 shows the variables and their respective values. To perform the Factorial Planning using a reduced number of experiments while maintaining the reliability of the results, 17 experiments were performed ( Table 2) . The experiments were: 3 tests at the central point to calculate the error, 6 axial tests, and 8 factorial tests. The experimental points were not replicated, but the three central points were used to estimate the pure error. Notes: -% of tallow and catalyst in relation to the mass of raw material -Molar amount of alcohol to one mol of raw material. Notes: -% of tallow and catalyst in relation to the mass of raw material -Molar amount of alcohol to one mol of raw material.
The bovine tallow, used to produce the biodiesel samples, was supplied by Gran Vitória, located in the state of Espírito Santo, Brazil. All the reagents used in the synthesis of biodiesel and in the analysis of their properties were anhydrous.
To obtain biodiesel, 400 g of a mixture of soybean oil (Soya ® ) and bovine fat was accurately weighed. The bovine tallow was heated on an electric plate before being mixed with the oil. Inside a one liter beaker, the mixture was subjected to heating in a thermostatic bath at 60 °C under constant stirring, using a mechanical stirrer coupled to the thermostatic bath. The transesterification reaction was, then, carried out at 60 °C by adding anhydrous methyl alcohol (Synth ® ) and potassium hydroxide (Synth ® ) to the mixture of soybean oil and bovine fat inside the beaker. After 30 minutes of reaction, under the conditions defined for each test, the mixture was decanted in a separating funnel for 24 hours to form a glycerin-rich and a biodiesel-rich phase. After the separation phase, the biodiesel was washed, with distillated water at 90 °C and decanted for 2 hours, three times for removing its impurities. The biodiesel was dried in a laboratory stove at 105 °C for 2 hours and accurately weighed The first analysis consisted in the determination of the acidity index by titrating a mixture of ethyl ether, ethyl alcohol, and biodiesel with sodium hydroxide 0.1 N. For the solubilization of the biodiesel, 50 mL of ethyl ether with ethyl alcohol in a ratio of 2:1 (v/v), and about 2.5 g of the biodiesel sample were added. Then, the mixture was titled with a previously prepared NaOH solution, using 3 drops of phenolphthalein 1% as indicator. The volume of NaOH consumed in the titration was used to calculate the biodiesel acidity index, by Equation 3. (3) Where I A is the acidity index, in mg KOH/g; N NaOH and V NaOH are, respectively, the molarity, in mol/L, and the volume, in mL, of the NaOH solution consumed in the titration; and m bio is the biodiesel mass, in grams.
A previously calibrated 5 mL pycnometer was used to determine the density. The calibration was carried out by the difference between the masses of the empty pycnometer and of the pycnometer filled up with distilled water. This allowed to discover the mass of water that is admitted by the pycnometer and, then, its real volume. After calibration, the biodiesel was cooled in iced water until reaching the temperature of 20 °C and added to the pycnometer to measure the total mass.
The kinematic viscosity at 40 °C was measured using the Ostwald viscometer and water as reference. The flow time of 10 mL of each biodiesel sample was determined with the viscometer inside a thermostatic bath at 40 °C. Then, the specific mass of each biodiesel sample at the same temperature was calculated.
The absolute viscosity, calculated by Equation 4, was converted to kinematic viscosity using Equation 5. In the equations, µ bio and  bio are the absolute and kinematic viscosity; ρ bio is the specific mass of the biodiesel, all at 40 °C; t bio and t H2O are the biodiesel and water flow time, respectively. 
RESULTS AND DISCUSSIONS
After transesterification, the separation of the biodiesel and glycerin was simple and fast, forming two well-defined phases. The glycerin decantation was easy in samples with higher amounts of bovine tallow. No emulsion formation was observed during the biodiesel purification, indicating that the raw materials had low acidy index.
The results of chemical yield are presented in Table 3 . The amount of tallow present in the raw material slightly influenced the yield; indicating that the bovine tallow used in this work did not present undesirable properties for transesterification, such as a high acid index. A high acidity index leads to formation of soaps and consequent yield reduction. The biodiesel yield results of this work were widely discussed in Oliveira et al. (2012). Table 3 presents acidity index (IA), kinematic viscosity at 40 °C (μ), density at 20 °C (ρ), cold filter plugging point (CFPP), and biodiesel yield for the experimental test according to the factorial design.
In the CCRD, based on the three central points, the experimental errors of acidity index, kinematic viscosity, and density were, respectively, 0.012 mg KOH.g The coefficients of the analyzed variables and their respective main and interaction effects for the measured proprieties are shown in Table 4 , generated by the Action software. By means of the regression coefficients on Table 4 , theoretical mathematical models were obtained to estimate biodiesel properties. However, to simplify the equations, the parameters with p-values greater than 0.05 were removed from the models, since they have little to no influence on the final results. Therefore, the statistical data were recalculated based only on significant factors. ANP regulates, for the acidity index, the maximum limit of 0.5 mg KOH.g -1 (Brasil, 2014) and all the samples had an acid value below this limit. According to Table 4 , none of the terms had a significant influence on the acidity index, considering a 95% confidence interval (p-value greater than 0.05). Thus, the studied variables and their interactions did not affect the acidity index. Table 5 )
The low values of acidity index indicate that the feedstock had low content of free fatty acids, since the acidity index of the fuel is directly related to the fatty acids in the raw material (Fernando et al.  2005) . The raw materials used presented good quality, not requiring a pre-treatment. , in the methyl transesterification of pure bovine tallow using KOH as catalyst. This value was close to the acidity index, 0.6 mg KOH.g -1 , of the raw material used by the author.
Similarly, the coefficients of the variables analyzed for kinematic viscosity and their respective main and interaction effects are also presented in Table 4 . Considering a confidence interval of 95%, only the linear term of the tallow concentration influenced significantly the kinematic viscosity. Based only on the significant factor, Equation 6 is the reduced model, which describes the kinematic viscosity, as a function of the coded variable. The regression was statistically significant, since the analysis of the variance indicated a Fcalc higher, about 6.3 times, than the tabulated value. According to the coefficient of determination (R 2 ), the model explains how 65.89% of the viscosity data vary with the reaction conditions. Although the model does not fully represent the viscosity behavior, it provides some important information such as that the amount of bovine tallow is the variable that most affects fuel viscosity.
Equation 7
indicates that the fuel viscosity increase is directly related to the proportion of tallow in the feedstock. This result is consistent since animal fats have a higher saturation degree than vegetable oils, which proportionally increases the viscosity of biodiesel.
Despite these results, even for high proportions of bovine tallow, viscosity values were within the ANP specifications, between 3.0 and 6.0 mm In regards to the specific mass, the coefficients of the analyzed variables and their respective main and interaction effects are also presented in Table  4 . Only the linear term of the tallow concentration influenced significantly the kinematic viscosity, considering the 95% confidence interval. Based solely on tallow concentration being the significant factor, Equation 7 is the reduced model that describes the specific mass, as a function of the coded variable.
Density at 20 °C = 874.98 -1.91 x 1 (7)
The regression was statistically significant, since the analysis of the variance indicated an F calc higher, about 4.7 times, than the tabulated values. According to the coefficient of determination (R 2 ), the model explains how 58.81% of the density data varies with the reaction conditions. Although the model does not fully represent the density behavior, it provides the important information that the amount of bovine tallow in the feedstock is the variable that most affects density.
The strong relation observed in Equation 8 occurs because the density of the fuel varies according to the density used in the reaction (Moraes et al, 2008) . The higher the tallow amount in the feedstock, the lower the density of biodiesel, since bovine tallow has a density lower than soybean oil. , varying inversely with the proportions of tallow, 10 to 40%.
The last parameter investigated was the cold filter plugging point which has a maximum limit fixed by ANP for each month of the year, according to Table 5 . For the states not contemplated in the table, the CFPP should be a maximum of 19 °C.
For CFPP analysis, the samples from the 1, 6, 10, and 13 trials were selected, as they presented the highest yields in biodiesel production (Oliveira et al., 2012); and, for each of them, a different proportion of bovine tallow/raw material was used in the reaction, as shown in Table 2 . This allowed the evaluation of the PEFF in different bovine tallow concentrations, as shown in Table 3 .
As expected, the higher the amount of tallow in the raw material is, the higher the cold filter plugging point of the fuel will be. In the first region of Table 5 , SP-MG-MS, from November to March, all biodiesel samples were within the ANP limits. In the coldest months, from April to October, only the samples with a sebum percentage of up to 22.14% were within the legislation.
For the second region, GO -DF -MT -ES -RJ, all samples fitted within the ANP limits in the months of October to April, and from May to September only the samples with a tallow percentage lower than 22.14% fitted in ANP limits.
For the third region, PR -SC -RS, all samples were conformed to ANP limits in the months from November to March. Only the samples with tallow percentage of up to 22.14% fitted in the ANP specifications for April and October, and none of them met the specifications from May to September. For the states not contemplated in Table 5 , all samples were according ANP specifications throughout the year. Thus, the mixtures recommended for fuel production vary according to the season of year and the region where the biodiesel will be used. The biodiesel produced from mixture of raw materials has its use limited only by the CFPP in some states, since the other properties conformed to the ANP requirements.
The amount of bovine tallow influenced the values of density at 20°C, kinematic viscosity at 40°C, and cold filter plugging point of the biodiesel. A density at 20°C of biodiesel decreased with the increase in the amount of bovine tallow in the feedstock. This is because the density of the bovine tallow biodiesel is lower than the density of the soybean oil one. The kinematic viscosity at 40°C of biodiesel is higher when the percentage of bovine tallow increases in the feedstocks. This is because the kinematic viscosity of bovine tallow biodiesel is higher than that of biodiesel from soybean oil. CFPP increased from 6 ° C to 14 ° C when the amount of bovine tallow ranged from 22.14 wt% (test 1) to 57.85 wt% (test 6). By increasing the amount of bovine tallow to 70% (test 10) the CFPP remained at 14 ° C.
The best composition to obtain a product within ANP specifications was 22.14 wt% bovine tallow and 77.26 wt% soybean oil (test 1). In this composition, the biodiesel produced with 1.2% of catalyst, 60°C and 4.21:1 alcohol/oil molar ratio presented CFPP of 6 °C. This value of CFPP is favorable to the use of biodiesel in SP, MG, MS, GO, DF, MT, ES, and RJ in all months of the year. Nevertheless, such values are not suitable for the third region (PR -SC -RS) from May to September.
CONCLUSIONS
After studying the effects of catalyst type and concentration, methanol/oil molar ratio, methanol/co-solvent molar ratio, agitation rate, and reaction temperature, the best composition (22.14% bovine tallow and 77.26% soybean oil) to obtain a product within ANP specifications was achieved with 1.2 wt% KOH, 4,21:1 as methanol/oil molar ratio, and at 60°C.
